Introduction
Multiple sclerosis (MS) is known as one of the inflammatory, degenerative central nervous system (CNS) diseases. Optic neuritis (ON), a common initial manifestation of MS, is an immune-mediated acute inflammatory disorder of the optic nerve. 1 Although it is thought that primary inflammatory demyelinization is important in the pathophysiology of ON and MS, the exact underlying cause of ON in MS is still obscure. 2 Sudden loss of vision is frequently a consequence of acute demyelinization of the optic nerve and nearly one half of the MS patients experience it at some point during their disease course. 3 Furthermore, axonal damage may occur in some cases and this damage can be identified as a thinning of the retinal nerve fiber layer (RNFL) using computerized imaging technologies such as optical coherence tomography (OCT). OCT is a noninvasive imaging technique that enables high-resolution quantification of retinal structures and can detect subclinical changes in MS patients as well. 4 However, RNFL and ganglion cell/inner plexiform layer (GCIP) thinning has been demonstrated in individuals with MS, not only in those with previous ON but also in those without it. 5 In addition, vascular mechanisms such as increased plasma levels of endothelin-1 may be important for the development of axonal loss associated with ON and MS. 6, 7 However, there have been conflicting reports of impaired hemodynamics in the orbital vessels of patients with ON. In some studies orbital blood flow velocities were decreased, whereas in others they remained unchanged or even increased. [8] [9] [10] [11] [12] Given the conflicting results in previous studies, in the present study, we aimed to investigate the orbital blood flow velocities and RNFL thickness parameters in MS patients, with and without previous ON, and in healthy volunteers.
Materials and methods
The tenets of the Declaration of Helsinki were followed, Gazi University ethical committee approval was granted, patients were informed about the methods; and an informed consent form was signed by each participant. Forty eyes from MS patients who were being followed by Multiple Sclerosis Center at Gazi University Faculty of Medicine, Department of Neurology, and twenty eyes from healthy volunteers were recruited in the study. Eyes were divided into three groups as follows: group 1, eyes from MS patients with previous ON (P-ON); group 2, eyes from MS patients without previous ON (WP-ON); and group 3, eyes from healthy age-matched controls. None of the MS patients had clinically acute ON at the time of study. Previous ON had been diagnosed by an ophthalmologist based on its typical history and clinical findings.
To increase the statistical reliability, only one eye was included in all cases. Whereas the eyes that experienced ON were selected for P-ON group, the eyes with a higher signal strength in OCT were preferred in others. Demographic data such as age and gender were obtained during medical history questioning and the subjects had all assessments in one day. Each subject underwent a complete neurological and ophthalmic examination, including best-corrected visual acuity assessment with Snellen charts, intraocular pressure (IOP) measurement with Goldmann applanation tonometry, central corneal thickness (CCT) measurement by ultrasonic pachymeter, gonioscopy with Goldmann 3-mirror lens, slit lamp biomicroscopy, fundoscopic examination, light responses, and relative afferent pupillary defect. Eyes in P-ON and WP-ON groups were diagnosed as clinically definite MS based on McDonald's revised criteria. 13 MS eyes were randomly included into the study. In each patient with MS, brain magnetic resonance imaging (MRI) was performed and Kurtzke's Expanded Disability Status Scale (EDSS) score was recorded. 14 Exclusion criteria included a history of any systemic disease such as cardiovascular disease, arterial hypertension, hyperlipidemia, diabetes mellitus, refractive error of 4 ± 5.0 D spherical or ± 2 D cylindrical (inability to fixate), coexisting ocular disease such as glaucoma, diabetes, or hypertensive retinopathy, compressive, toxic, or hereditary optic neuritis, history of incisional ocular surgery, and any other neurologic diseases (other than MS).
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research.
Optical coherence tomography
All OCT scans were performed on undilated pupils using the Spectralis OCT (Heidelberg Engineering, Dossenheim, Germany) for all RNFL measurements. All SD-OCT scans were performed by the same experienced technician. Peripapillary RNFL thickness was measured in central, superior temporal, temporal, inferior temporal, superior nasal, nasal, and inferior nasal quadrants of each eye.
Color Doppler imaging(CDI)
CDI of the eye was performed using an HDI 5000 SonoCT system (Philips, Bothell, WA, USA) using a 5-12-MHz multifrequency linear array transducer. The images were obtained in the supine position. Sterile coupling gel was applied to their closed eyelids, with the examiner's hand resting on the orbital margin to avoid any pressure on the eye. The average of three measurements was regarded as the final value. All individuals were evaluated by a single expert radiologist (S.O.O.). The radiologist was unaware of which side was involved for each patient. We obtained mean value±SD for the peak systolic velocity (PSV), end-diastolic velocity (EDV) and resistivity index (RI ¼ (PSV À EDV)/PSV) 15 for the ophthalmic, posterior ciliary, and central retinal arteries. Also superior ophthalmic vein (SOV) blood flow velocity was measured for all cases.
Statistical analyses
The chi-square test was used for categorical data and all of descriptive analyses results were reported as mean±SE for the groups. The Kruskal-Wallis test and Mann-Whitney U-test were conducted to determine group differences for RNFL thickness by quadrants and CDI measurements. A Spearman product moment correlation coefficient was calculated to establish the correlation between RNFL and CDI measurement. All statistical analysis was performed using the Statistical Package for the Social Sciences, version 16.0 (SPSS, Chicago, IL, USA). Statistical significance was defined as a P-value of o0.05.
Results
Twenty eyes of 20 individuals were included in each group. Mean number of ON attacks were 1.7 ± 1.21 (1-6) in P-ON. No statistically significant differences were found among groups in terms of age, gender as well as mean IOP, mean CCT, and C/D (cup/disc) ratio. Mean elapsed time from the first symptom of ON until the admission of CDI assessment was 37.58±26.15 months (12-72 months). And the mean duration of MS was 49.95±9.41 (32-65) months in P-ON versus 44.8±8.86 (30-60) months in WP-ON (P ¼ 0.08). Mean EDSS score was 1.28 ± 1.23 (0-3) in group 1 and 0.32 ± 0.72 (0-2) in group 2 (P ¼ 0.13). Thereby all MS subjects had mild level of disease disability. All clinical and demographic properties of each group are shown in Table 1 .
RNFL thicknesses in all quadrants, except superior nasal quadrants, were found to be decreased in group 1 compared with group 3 (Table 2 ). In group 2 on the other hand, all quadrant thicknesses are similar to group 3 (Table 3) . Retrobulbar blood flow velocity parameters and RIs of all eyes were comparable. Only mean EDV of the ophthalmic artery (OA) was slightly lower in group 1 (16.01±4.95 cm/s) than those of group 2 (17.82±5.83 cm/s) and group 3 (21.69±7.67 cm/s) (P ¼ 0.248 and 0.013, respectively) ( Table 4) . No significant correlation was found between RNFL and CDI parameters in group 1 (Table 5) .
Discussion
Optic nerve disease associated with MS results in a visual disturbance in most of the affected cases. 16 Previously, MS was thought to be a disease of myelin, but in most of MS patients, neuronal and axonal loss also has been pathologically demonstrated in postmortem studies. 2 Suggesting mechanisms of neuronal damage in MS other than demyelinization, Gordon-Lipkin et al 17 In the current study, we found that decreased RNFL thickness is more significant in P-ON patients compared with WP-ON and healthy controls. To increase the reliability of data, only one eye of each case was evaluated in the study. Moreover, P-ON patients, WP-ON patients, and healthy controls were considered altogether. Thus, to our knowledge, this is the first wellorganized study including the different groups at the same time. In accordance with the above-mentioned studies, our results demonstrated that the thinning of RNFL was observed in MS eyes. However, in contrast to the findings of Sepulcre et al, 18 we found that these changes occurred nearly in all quadrants and solely in *P P** *P P** *P P** *P P** *P P** *P P** *P P** Abbreviations: CDI, color Doppler imaging; CRA, central retinal artery; EDV, end-diastolic velocity; HC, healthy age-matched control; OA, ophthalmic artery; PCA, posterior ciliary artery; P-ON, with previous optic neuritis; PSV, peak systolic velocity; RI, resistive(resistance) index; RNFL, retinal nerve fiber layer; SOV, superior ophthalmic vein. *P ¼ rho ¼ correlation coefficient, P** ¼ P-value. Spearman's correlation test. All rho values are in italic to distinguish between P values and rho values.
P-ON patients. The dissensus may stem from the observational approach employed in our study. It is not clear that whether findings would be different if a prospective approach had been deployed or if there were patients with longer disease course of MS and with higher EDSS score. Another important point is the differences in ON times of the P-ON eyes included in our study. However, as all MS patients have similar EDSS scores leading similar levels of disability, these differences may not be affecting the reliability of our study. Aging and interracial differences were also associated with RNFL thinning but our groups were all age matched and there were no racial differences. Furthermore, in some of the studies in literature, it has been advocated that in addition to RNFL atrophy, 19 retinal periphlebitis might have a role in disease activity in MS. According to the abovementioned studies, it is understood that retinal evaluation can be used as a surrogate marker of axonal damage in MS. However, there are some unclear points such as how often to measure the OCT parameters and how to effectively use OCT in treatment choice and follow-up activity. More detailed and comprehensive studies are needed to clarify those issues.
On the other hand, there is not sufficient research on vascular origins of ocular involvement in MS. Akarsu et al 8 reported the impaired retrobulbar hemodynamics in 17 MS patients with past unilateral ON, especially in the posterior ciliary and central retinal arteries, compared with contralateral unaffected eyes as well as healthy controls. Similarly, Modrzejewska et al 9 showed that significant disturbances in CDI parameters of orbital arteries exist in contralateral unaffected eyes as well compared with healthy controls. Hradílek et al 10 also found pathophysiological changes during acute unilateral ON influence orbital hemodynamics in the OA in the eyes with ON; however, these changes did not persist over long periods. Karami et al 11 compared orbital blood flow velocities of affected and unaffected eyes of 23 patients with acute unilateral ON. Contrary to previous studies, they concluded that orbital blood flow parameters were not related to ON. Moreover, according to other investigators, that is, Karaali et al, 12 blood flow velocity increases in the OA in the initial period of acute inflammation of an optic nerve. Thus, there are conflicting results in literature about changes in orbital arterial hemodynamics in optic neuritis with MS. Recently, 'cerebrospinal venous insufficiency' has been thought as an etiological factor in MS. 20 There is no study analyzing changes for orbital venous circulation and to our knowledge this is the first study investigating this topic. In the present study, most of the retrobulbar blood flow velocity parameters and RIs, including SOV blood flow velocities, were comparable among groups. However, EDV in the OA in P-ON eyes was slightly lower than those of WP-ON eyes and healthy controls. As the vascular changes is minimal in the chronic phase after ON, slight decrease of EDV might be considered as significant data. On the other hand, we also have not found significant correlation between the reduction of RNFL thickness and ocular blood flow velocities. In our opinion, this is an insignificant finding alone by itself and should be supported by further data.
In P-ON eyes, disturbances in bulbar artery blood flow were shown using orbital Doppler ultrasound. The most reasonable theory explaining this situation is that nerve sheath thickening and inflammatory processes may cause the blood vessels within the scleral canal to be compressed and resistance in those vessels to increase. 6, 10 Furthermore, in another study, it was demonstrated that increased plasma levels of endothelin-1, might have resulted in vasospasm and vascular dysregulation in MS patients. 21 Therefore, vascular mechanisms may be important in the development of axonal and visual loss associated with ON and MS. One of the key issues is the duration between the appearance of symptoms of retrobulbar ON and blood flow velocity examination. 12, 22 During Doppler ultrasound examinations in the study groups, patients went through remission of symptoms of ON. Disturbances of ocular blood flow might have been encountered if cases with acute ON had been included.
In conclusion, retrobulbar hemodynamics in the eyes with or without ON in MS does not change dramatically compared with healthy control eyes. Nevertheless, color Doppler should be kept in minds as a promising method of choice to follow-up the patients after ON. Thinning of the RNFL occurs particularly in eyes with P-ON. This finding might result from both disease-related neurodegeneration and direct inflammatory injury. SD-OCT offers an objective and quantitative tool that can be used for documentation of RNFL changes over time in MS. Limitations of our study include lack of cases with acute ON, lack of the prospective nature, and limited number of patients. In order to confirm the outcomes of this research, further studies with larger patient groups and prospective follow-up are still needed.
Summary
What was known before K RNFL thinning may occur in individuals with MS, even if no past optic neuritis.
K Orbital blood flow velocities decrease, remain unchanged, or even increase in MS patients.
What this study adds
K Decreased RNFL thickness is more notable in patients with MS with previous ON.
K It may seem that orbital hemodynamics are not affected for a long-term period.
